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iradiated Ai ju jui 566 elui)l ysnaill I Gi all gui aie pe 


Ds) EX Qle 5 il LV JR Ge JSù a Anal Ai 
ionization Cali leull oùà es listes (ill 5 jAll (pa ç5 pla 
8 ls (aille Cool) 8 Daledll O5 SVT Ge ia € 35 JE dus 
(es 58 Dal) O3 SN less alfa 

Au sall AeŸ| (je Anal) AV jiiei 

Le 8 jaûll es JAI AËŸI GS Ga Ainudill (658 Anti 3 Lee ail 
oil 

Us if Gauss il JAN ul le 8 olill lemall ci 28 53 


OAI 8 jus À gall AuiY| prix 
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1 gleiyl LS Aisoll à slxll AS — (géiad Ândls 


Om » One 55 Qi À gall AV jaline audi Be 
al gs) En à | Si LÀ Fo &) A ess sil ral ES > 
3 MmSv (à jai: . Ales À 2 0.02 to 0.1 UGy/hr 
Ai gall NU june pal ons GeleëYl poil pie :OLaÿl Aus züdll ELLËYI D 
y LS ,3,2 MSV/Vyr La plais D sin Ali de js QN ç5a5 Gills Cbuiÿt Abu ss Âstiall 
Ataëll Le joli is loluoll jiaall , Lésii céulill s À 3 gill ALI cibles 45 jaî pass 
0.1 MSV/Vr = seie Asilll 43 siull 


0.1 mSv 


EL Internal On] Medical 


FE] Terrestial Consumer 


LG pal (53 4 iull Le lai Yl Le joli pile p 5 55 
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ijnsall a slall AS — (aies Âedla 


Anal) At) CLR 


MAI, Cas Lals js al null Auëÿ| pe 


ol) Augdl AY) Gal lai ge dial pe 
1880-1870 üu L (Crooks tube 0x$ 53 
ss) els Lai) 1895 Gill Gui 8 à D 
Wurzburg at 3 Wilhelm Roentgen 
Dpei don CS sys Gal ché Losie Lilall (à 
barium île Aie sue Gt ali 3 soul 
Ji ne de de 55523 platinocyanide 

GaiYl a 


Anill As VI Cali] 


Dal Ga Aasill Qi ji ge la 33 GIN Gi os) LV D 

8 ji Ji y À small As Slona Le o jte AS Cats) Do Be 
Al AaËVI paies plus I) des si 5 IS yet Ge di 

La 33 3 57e JS ce dl ALI Los CR 3) Li Jiel De 
1896 4e eleiyl 

1901 le dis 5 ji Où D 
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Ain LiV| CALE] 


5e Clilse Gb Ge uaS ss conil Aie AD Qu pl dgall a 55 a OS Gas) ali à D 
D sb Ca ul Aalall go diuy Les jual (le 5e Ge Gi xS Ji 50 KVp «is 5 peine 
1896 ae 5 3 jedll À ll Michael PUpin easiul Lasie (je ji la Giss à 
1904 le Cues ll Ce ahill ils, Lie al 5 71 Charles L. Leonard ail 
joli ci 5 88e Ge Leluëll VU LS ji 7 SN Clagiult CSN sdllell ds jai JS 
Bl ii 1898 de eliYl HBill Thomas A. Edison Gosni cutesi aa si 
DHTES je 1800 Ca DiSI ge Li 6, All barium platinocyanide 


6 Lis as vuigall ; siall 


Thomas Edison is seen viewing the hand of his 
unfortunate assistant, Clarence Dally, through a 
fluoroscope of his own design. Dally's hand rests on 
the box that contains the x-ray tube. 


All LVL pp ie ls 


cs William Rollins ail 0 pall À js De vassil p 
Ace y À sil das il o ÿS ja ÜA À 335 able ) 
5)pall 55 De Coast amidŸl Ge alé Aile] oi LYS 
isiull 
sa Cutll wall ds Snook alall Jaiul 1907 4e (5 D 
JS ËYl Gil Wiliam Coolidge 32 1913 ae Gi D 
DA lès Gguil Ge 8j 98 5 Aulall Clans jlall Ligall 
Coolidge tube aie AQU All AËY suis AL Jisl pra el sell 
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au LONL ill A5 cu) 51 3 


ill À Gustav Bucky Gidÿ! allall g is 1913 de à D 
48 ysiall Às Ji ES; AI mil 

Dal Ati 4 1 Potter Sail All g ist 1915 4e à à 
48 ys'iall 

em Yl Jabiill 3 à $ ) gnall _j jæall Dal el sl 5 1950 de à [2 

giadth mpaills PET Gisujall nmaill anûi ai 1960 se à D 
À pal G 

Anal AVE cou ssdll cabädl yuaill es 2:1970 «le à D 


as 6 pal ie, La Li las et SU dû à De 


cv 


9: 
LE ue 


Le - - 
Early radiologic technologists are shown in this scene from the duel Frankenstein movie (1931) 
Gal (3 pes 


Gil ss vasigall y al 


MT 1 


LG pal (5 And) AY Ge AA 8 ; As Ji :1904 D 

(sil 5 cs all sie jelss) Luis SUIl caall 356 € jaëll LALUS caiee Lines Ale (G53s ll JENI pe 
Apall LU Le gloull JV Less s Lois je JET où cal 1910 le de D 

Ai jall (Jul pall y Anal ji ci all cas jaill AIASALS AAHÔU ALU gli Qalluf lait coul Les 
A sul agile ja nil pLeËYl Culalall Aastie las pe 

ill AY ge Jaleïl ALARA line Gi ; Lie LËYl À SN del 8 aus ai De 


The Ten Commandments of Radiation Protection 


..Understand and apply the cardinal principles of - The person who is holding the rh must always 
radiation control: time, distance, and shielding. wear a protective apron and, if possible, protective 

. Do not allow familiarity to result in false security. gloves. | 

. Never stand in the primary beam. . Use gonadal shields on all people of childbearing 

. AlWays wear protective apparel when not behindia age when such use willenot interfere with the 
protective barrier. examination. 

5. Always Wearan occupational radiation monitor and . Examination.of the pelvis and lower abdomen of 

position it outside the protective apron at the collar. pregnant patients should be: avoided whenever 

. Never hold a patient during radiographic examina- possible, especially. during the first trimester. 


don: Use RE ren) devices when . Always collimate to the smallest field size appropri- 
possible. Otherwise, have family or friends hold re 
ate for the examination. 


the patient. 
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ete bris jo à jé 


Lei Yl y geill Ga onsiall Al, juill Cilaal sl 


8 Yi Gulil SL cuis SIN QU Cut 55 sl pe Aliiall AS jai AI had Ge pari :el sell La S De 
Gy 28 si el LS als JS salu jai 


DE LS JE Jgals Gas AESI an 9 ad Lola} ALI Jhabe Ge ju raieal de jai De 
GYy gx 5 


Call 3 Ogelall Lei Go pes QI AmËŸI jlaie Ge ei: SV cs jnull 5f Allaill ec All pe 
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Aa iuall Calais Si Ch 585 sas 


INTERNATIONAL SYSTEM OF 
CUSTOMARY UNIT UNITS (Si) 


Quantity Name Name Symbol 


Exposure roentgen air kerma 
Absorbed dose rad gray 
Effective dose sievert 
Radioactivity i becquerel 
Multiply to obtain 
Multiply to obtain 
Multiply À to obtain 
Multiply i to obtain 
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lil) cs quil 
al] Ai DES — Lip all — ixsnall 


2022202 


Dei 

As fall Ci Gall Am cuil que gai OR pe 

Gill I pe 

dll Qt Ligall Jill LS - ii lié -Jiall :Ligell Be 

AS pli Lai 7 jé gleËYl - Cul Ji — 5 353 — LUI fase - ja small small pe 
smodll à 35 CBS — all jai Cillse AutŸl ci oŸ ç5 3 all Janll Cia pe 
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AVE (pars oapl sil À li Loluëll pyguaill ai à añall jaiell Aui| Cisuil de De 
À sl 

Jasgall 3 small (eu sal Ca (onu) JS Ab VI Gal SU De 

bi jf giamdll Coll 681 9 CHI :0pe AmËY I ouf Ge Ge A 6 jai 385 De 


b jee Dai g Cl gas Baal Jazll (à AVI Gignil pains primll Sul ie pe 
ge tæill jatill 8 jesis oeil ebiall jgill 5 jesi (à bill 


AR SV) cs quil qu sai SG 


Ca Ant} (QE Seb Qis nSll 45 5 1 À Has Ge, dl) ja AIN At] sl Qi De 
Aal3iiul 
AY Gi ouil us gail JR AD 8 à De 
ul Gleïll US: pe 
eV Gitull Gill A5: pe 
C dj gl où OS Qle di jsidll Galeill ai pe 
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AN Ciouil puis gai JS 


Bi (5 sluñe Ji Cia pres (à Anal AËŸ à gi 
“ns DH pus (à Baise SM Ce 8 jalall All Let] Li ans 
Sol dé je gluël cl s2S oies céaiall Le jall JE (Sal sf 
ia all (sis Lu jui An! 
Aile le Aeluiÿl Ac jai Jane GS dus Al gl CHR apaci ù De 
All 3 1 MGy de di Gaboÿl Jill die Ai ouf Ca jie 
ess Ron dan 5 AU es âne (5f digas (pe Ailaall (8 SH CRM Ces De 


Fitting for filters, — or metal 
collimators, etc. enclosure Aaiÿl Q sil is L ds 


el LE Ga ouf li Gal Le JU Alantl (8 SU CO es De 
elasYl 
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Âjnsall a slall AS — (aies Âedla 


Pyrex 5)1all aslall gla ll Ge Lal gives el sell da & jéa (is SI Gi aul Ge 5 ue AuiŸl co suil 
ol Ge 31 glass 

es 20 ès 50 A 30 Cu Le AI oul Job alu 

Aa a 55 Ailleë (je 830 5 el sell ca AabVi Go onŸ all à ill Cponts 

Clic gall Lie Lila Quai Las 41 (Ill pludl (bass Ambl ol Là cé gli ge Ciuatill ju 
Ni Qt QI 3585 4 Ait ll 

Coll, DsVl Ji es JS Ou Le Cut (Gil yes des Qle AnëYl Goiÿ imdl Call Bla, 
Lise Gé (all rail Cl Ait caulif aa Glli cs nil pee (à (jules Lac «mal 

AR QalaieY| inisie (365 dun s Zu 5 AMËŸI # 5 38 BU alu Eli 


Si de gl Cuatill 2) 5 de &é) élu Ge 8e 

To autotransformer 24 2 La ji; au 2 lel sb Âœu s 
mA ec Dual laje GibxS Ji psg de lens A 
À Ki tfhermionic emission 211 
À5 3 SI 

À jp 3140 Allall o jlgsail Ass Guns Cuatill aitu 
De op À je jufll (55 II 0 Ju Y ile) À sie 
.gstæall 

de à Cuatill AN Yo 2 coll 1 Aus 49) ill le) Cf 
AËNl Gouil pars iles (035 SIN o place) Lille 


Filament selector 
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il Ole ue 5 Âiiiee ae 5 jan Jill anges D 

Ci SIN Due 3 gra dalle at Jill ao G De 
gli Cu la ji A 5 dæiaall otsils Aiesidl| 
Lei Lei (Sin 3 IV 


AS 9 AS «dass AR 3 Alei lat D 


/ 


A (1 0 9 À 
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M ill Cab mise Gi Je JUS De aus D 
TR ie Mu à éteiVi LOL Le 


Gest Jill la Leë aa ÿ ee luëll ygnill sie pe 
125 KVp LV} a sil Le JU li 3 IV false Juill (à yLall 
Anull 


rs 


Tube current (miliamperes) 


dealh oil Jus Juill Ji cou Le AEall Las 5 De 
QaiYl le (Giall (iu ll 


sé Juill Abisdl À, IN Ldlaxll JS D 
j de Ab, IYI Ce djall Jus) Ge 25 Lèl 8 
’ Saturation Db sis «se 9 Sin 5 iSIYI gli SES chsiall 
on Lé| alhÂissal 
LE 48 À L <é 8 
e——- Filament current | ice = 3 ils, = ai D 
46A de JS L5 CN AY) Qt (8 él al 


. al che 1000 


Een col) dont Juill Ji sta ji ge Doit Jui 5 D 
gay As 


og 


Tube current (mA) 
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DS oki Jisall amndl Gi An Ctif Qiléi dllisi 
OBS se Cia, éllà Lel 56 6 jme 5 


ialall sie (ele 1-0.1) 5 pévall 48 pal Aaëill pau 
Bu À paall Laëll sai Lay dalle Ale Es QI 


pl Ge Bus 61 jai pige sie (ale 2-0.3) 
ose Da Less CRT à 


AY Qi ouil (à us sal Gibill 3 pe 
saëill Alle Leluël Le js Ash out js jf (Algandll ; All y guaill 8 jen à) Cut Le) 56 De 
. Dei Vas pi Ca js 
Lit ; Es amnall 855 D 
ia el gall Jsne ll o pue Lagall je Agaiall its HOINI Le js 33 pes aus (ile es JE De 
ul Siéull all Cam D 
sl Gel ail pe 
Cal jall jf à spaulall 3 Cutaïll Ge Ullé small site 565 De 
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Element 


Tungsten 
Molybdenum 
Rhodium 


Chemical Symbol 


W 
Mo 
Rh 


ijnsall a slall AS — (aies Âedla 


CG 9 JiSIYI à pslasi ga GKal 3a ‘target cigll D 
JE 52 Lootill 3% judll 
ezgill Oil Ge Lis Ge 5e O6 outil small à D 
ga Jul Ge ponodl Jill Ge il Ji 15 Jill dell (à De 
Gs (rhenium a sù li cine pe ile) cuatill 


cHiatill (je chagll Al ca paul sall 3 Cuél jai sais De 
pr A: TRE 
AS) 53 Al eu Ge AL, 454 


AxiV ll (à Cilaals aus s ll 5 à gran sell Us pin Je 
uaisiall 65 JAMl anal Î si coût eluäll y guaills À SLA 
Lasiiudll Anull LV ALL 


Atomic Number K X-ray Energy (keV)* Melting Temperature (°C) 


74 69 
42 19 
45 23 


is is Lañigall ; siSall 


1 gui eÙ ji Anuall à slall AIS — (gas Aude 


Cut small (à db Ge JG Si cingll 
15 Nas 8 ya 500 - jSi Âslue le A Le asibll 8 jl sil EDS 
Cutl| Arsnall dis 
3400 blu, ali (Ml 3 de pull 8 33 ç5 al asnsill al 5 Ga 
y 8 35 10000 Lis dei OÙ Sas ÂGES 59 

gai 3 mal ÿ amsoall Ci gli Axill 38 ji gall sal 51,5 pe 
Lolgs Ji jé ai 6 | 315 à ssaul sal (a 


FIGURE 6-14 ( 
mple 


Cail, AUS) 3 amvnali 5 ji js ges ji (A cs 53 di jadis Cu 55 (si 


9 is is Lañigall ; siSall 


5x — Lili ine-Focus Principle 


dApull Al ose jus (Eli angl (à Cal (a À ps all Aail 

ail NN «hmël Auldll Ant Cut LAS 5 jun alue 9à GEI a LS Las 
leë 8 pl pal né als 35 À ja dl Aañall Aatne (Al die 

AuiVi Le js Lui, D jaUs 5 js LE ne Aa le Jpaalls plaull 
é «ls NY Le jai Luuill, chagll hu le Dites 5 ju 3 5 aliall 
8) LA fige, apavaill 1x God s Aisne À 91 3 caigll alu AL) 
ral Allaëll Aeñall Latine (3 6S5 «8 jar AILaY À 5 (5 83 Lane 
53e pass dati À j9 20 5 5 can Le dmvmall AA) jh 564 
43x35) » y gi  pall Jill Jals (lès dues 8 all Lip Anti 
(@ 


Nominal Focal Spot Size Compared With Maximum Acceptable Dimensions 


Nominal Focal Spot Size Acceptable Measured 
(mm) Focal Spot Size (mm) 


Width Length Width Length 
0.1 0.1 0.15 0.15 
0:33 0.3 0.45 0.65 
0.4 0.4 0.6 0.85 
0.5 0.5 0.75 1.1 
1.0 1.0 1.4 2.0 
2.0 2.0 2.6 3.7 
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ll jlHeel Effect 


ge Aipull AVI Jis (à LËY Sub Of 8 35 — Lai ane Ge mi D 
small Àes Ge 5 y3lall diff (je DSi C3 565 Jaigall 4e 
A5% Ass cal Ji Ge pleëYl eu à ail ail US D 


Say Euss 5 ARC (8 pie aus pe die [oué Qutll Ji 6 D 
ge die AUS JAI ç all C5$ dns aunll puis gs dll (ja Bai Y 


«5 bal anûll je OA pull (je (Glull auûll 5% puall y die pe 
Deal Lib qu 59 EAN LI Ge Gioi sai QU atiss Ils 


75 80 90 100 105 110 120 aûll Ga GS AN Ligall gs (je 05 bell anill 2 4 all Dani à D 
Relative intensity (9%) aæaall Îgs Ca qu 93 (Al 5 Call Cya (léull 


Posteroanterior chest images 
demonstrate the heel effect. À, Images 
taken with the cathode up (superior). B, 
Image with cathode down (inferior). 
More uniform radiographie density is 
obtained with the cathode positioned 
to the thicker side offhe 

anatomy, as in B. (Courtesy Pat Duffy, 
Roxbury Community College.) 
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12 


Ajnsall a slall AS — (aies Âedla 


ll jlHeel Effect 


D Qoleëyl Jisli(,à Ulaill 48 js dll Axëdl ass Of tai cul Ji Ge ai 
Ja Âge ca léagas À lie ammdll Âge Ge nel US 
>» ee beëll Gill y gui (à ALLAI où4 (ja Aus 


46 ynall All 7 ja pui Y| 


cg le Lui 48 psdll eëll pe 255 Clio JOIN) (es 
gs bÿl Go Aus Antf 5 june die (5 jai Aälie (à 
.Off-Focus Radiation À£ sal xsll 
ail aps 84 33 Gnuti LeiY Lu Gigè jo né AuiVl odà dei 
cui De waisis all de js Ge 43 lei LS dÂé ysall 
3 ) all 

sie ON) sul Cups (il mupll (Gblie Lui où els De 
(Ps Lapapll y gai 

SU die eng sl plait, Ami] a Ji URSS à D 
Dis Lei Of LS oui JaS) LT Gal ss 


Lines Lei coul Ce y Lasie 
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mb YhernsY ç5 5 ps Jasil Cia 


lle 81 sil Ce ÀS As (oûll el ST scies De 

D pull Ga j (MA) Goal JU cpañiudll KWb jeSll sn gs De 

Gaball (5h pe senti Le se Rs ps De 

es Qi 83 0l cl paille pe 
Ga 6aa5 x Goal JL Ba 5 x Gyadli 8125 :[Joule] (HeatUnit) 5312sll calé 585 D 
à null AVI ul ii Jia çye Aâlise gl sil (pe Ba sidll 8 Jai pe 

HU =KkVxmAXxs ll , El las s 

HU=135KkVxmAXxS cl 6 « ) 5h AN Cias s pe 

HU=1.41KVxmAXxS ds 12 6,62 ASH Cas, pe 


Ai mio SV Lai jai Las 


Si à exil À3 gs ds Cie sde 5 gi daail Cl res Xe En eantil gas ee È>- 
eg Laill jai citée Lei Alu cialis 


:désp 
D Ga Atiall La ill LE Su Y KV 90 cit 0.5 «mA 300 sil : A noiip 
(Usée Dé) 42 ga cite à gûa Al 541 


Àa gfialt Ait hf juaall ga (al ji KV 120 cité 0.1 «mA 200 s153Ÿ1 :B casŸip 
(Jaie) Jats JS asia ga 3 D a ca Atéall 
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A 

1D Aa ga ciuai an sf 
3000 rpm 

1.0 mm li 4é js Au, 


$0 k 


Sa 5 (MA) 


0.5 1.0 
gisi 


7 77" Os ll Ga5 (s) 


B 

3 ALALS À ga pu sh 
10.000 rpm 

10mm di Àë js di, 


$0 es 


Si 5 (mA) 


0.1 0.5 1.0 
Ci Ga; (s) 
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Kilovolts peak (kVp) 
Klovolts peak (kVp) 


Kilovolts peak (KVp) 
Kilovolis peak (KVp) 


Maximum Here time in seconds Maximum pere time in seconds 


Representative radiographic rating charts for a given x-ray tube. Each chart specifies 
the conditions of operation under which it applies 


L 
$ $ 
4 & 


cn ai duuliall cf Lis Yi LA Le 
pe 01 Gésbudl) 


Maximum die time in seconds 
a. 95 KVp, 150 mA, 1 5; 3400 
rpm; 0.6-mm focal spot 


rpm; 1-mm focal spot 
g. 125 Le 500 mA, O.1s; 


Kilovolts peak (KVp) 


\ Ci \ d. 75 kKVp, 700 mA, 0.3 s; 10,000 
EE \ rom: 1-mm focal spot 


ot 005 .01 01 1 3 
Maximum exposure time in seconds Nifexmum exposure time in seconds F ce o Va die : p . 1 0,000 
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à ill 8 ja leie (pal ill ph dæunall (à 83) sil 8j) all Lis > 
Lg saill à jsill LES Al pe 
(oeil ES À, 0 5 lys lès s) Jss bise pe 
dæsaall dy Linie Be 
ail AI clisidl Cu D 
ALU 1 HU/S 500 A4 el 581 pas OÙ Se D 
Gi 10 ae cié 55 OÙ né HU/S 1000 ai si cils Il Lei pe 
Lai 3 39 Gi 5 & Giss Qi glissé éd ji js 538 3 120000 «le amaall Eiisl I pe 


Imput curve 


LS) 
Q 
Q 
© 
Co 
x 
— 
a 
4 
J 
7 


… À 
ra 


à 


33 


1 23 4 5 6 7“ 8" 12 13 14 çéñidll (a jll (min) 
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CE 


8 


Question: A particular examination results in delivery 
of 50,000 HU to the anode in a matter of 
seconds. How long will it take the anode to 
cool completely ? 


8 


8 


8 


Answer: The 50,000-HU level intersects the anode 

cooling curve at approximately 6 minutes. 

From that point on, the curve to complete 

5 15 cooling requires an additional 9 minutes 

Time in minutes (15-6= 9). Therefore, 9 minutes is required 
for complete cooling. 
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Aa} AV) au Ji 


2022-2021 


Ainull AY al 5 Qi auil De 
All LV) cul pe 
lgnailns 3 All AY laul pe 
All AV] 7 pal De 

All LVL Ab pusill 
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Ovni, Csaul Qi) Cagall EladYl aus 
ge pal (ubline ; je leËYl De 
X-FOY All Auë}l is 3! gall (5 All (5 simall De 
Gamma Ray Le Lil JL Radioactive decay «sil éliill eLf ls, (6 s si cé süudll D 
Lai ; À saute Claus pe 
(és sal; lui 6 Lin cilèux) de pad AE Ci, SIN De 
(exbell 3) à Ki lames D 
ss ji D 
ill cet UE af 555 Lei; Ainloull ; Aus pull Ci s jiill Lganf isa jé Claus Qll ALAYL 


Ainull A ëN| al 


generator and 
timer controis 


Cathode filament 


power supply Tungsten target 


Vacuumm 


Electrons 


Heated tungsten 
Ccathode filament t© 
produce electrons 


9 


Shielding 


gl (ep. 
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Al) AatY) ail 53 Ca quil 


au al Ga All LV al 5 Goul où D 
all Ai (50% Catill Ge élu ligall Be 
Leili 5 II es Sat À 3 JS dla Ji 

Danill Es sas Sail je 
EU 5 JV m5 Qi Au pall JO ramdll pe 
OsGs lasie null Lil à sil de judll 
4 ill À jh ga êale amndll 
150 : 40 sl lle Giles des GS Gale D 
ED) dæradll ; Ligall s" Cal à LS 
CAB 3 JiSTY| 
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Lai 


EE : LI 


die Ladie 3 «4 ie DS pets Ligall Casa (à 35 all Cuatill Ce élu Cain 
AL le Qeill Aëls À ps AL Cul, GUN] (nas Quuifi Auulis 5 lys La yo QI éllull 
Ai La ju eù 5 éllull Bla Cl à O3 XSY) LL 

ea 55 a (5All 5 mmalls Ligdll Gun (Gall seal (3 38 Mau gs El des lis MOV po pu a 
glall all ds (Gb Ge 

Jaxi 5 Je Qi Lille Ce Po Lau Jos Éus mal sites Le pull Gil, jRINI sabi 
Ann Auf Cili s5 gà QU) las 5 pamcall 4 Arial ALL aus (Jon 5 ammdll cui de 

3 jgne mël 5 pis Auf Le CASE Cle Bal gidll Ab 65 


Ain) AVI © sul Au 


a slall AS — (aies ace 


Gil ss vasigall y sal 
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All AVI a quil Ai 


LS Gi QU a glail su eSll cab pe 
As ji AS E Al Jess (oil Go IV nu 
electromagnetic coul Si Jill 
die ju Ce ill QI (sam Les 631 il field 
Cbsisés ALI Là G dans Gsisé lie s 
oh JS il La bremsphotons æsl 
ES 
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Aisoll à slxll AS — (géiad Ândls 


Cal godl si p5ù ljradl AüYl uk 

ALI LM Guy jiNYl si sel dlig «8 jall 

à ill ALI à plié JOié «ji 5 joel Ale 

ADI Ge Ab, SN 45, die Ds 5 

5 jpaall Lili D'LA 5 june 1 Jill la ecJas de Ÿl 
.æM  «K ue dus JS Le 


dis ill AVI LLs Ge il Ge Jui lé (n=1) K ll Ge Go SV g ji aù Ledie 
Ja gai Qi ctègall 3 Aabli oùa Con ASUII (23 (3 5 pô 

ge Jui Ge ail Lall, Ka Kill QI (n=2) L'Agbli Ge JV! Ge qi Ball (aus 
Ja; «KB Ki CI (n=3) M iii 

L'Ab Cus ASUS (3 9 jûll des L LAN pe Aube le uen Li L'ARDI Gje Go SIN p ÿ5 a Losie 
gaslaz Lidl Gi M dl Ge JGEY Ge ailll Gall LAN Gauss cla bei Cl cäslell s 
Hill tb Ge Gis SN p ji ie Aejlhs Crau GI, Ma 3 «LP à L'Aibl CI N Ab 
La és Ns MAG L lili 


jee Ge CHU 5 jredll LL Lai CL cils jusie Où LE Cboull GS Y js 
1iYl où jacl 28 (gi peine) ASS (gà Aginull LU 8 jsaall Lab L La slasiut Sa 5 « JSY 
Aus Bd 5 6 uatielf caf 5 à ja Gul LtV Le Lat G ail dl QI JM pay | sua 

gi saxll à 5 ge Âime lulu AS 


Lis es 2 
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la slell à — (à Axes 


… 
re 


1 gleëYl LU ji 


5 
U 
L 
> 
p 
6 
€ 
L 


VWavelength À LA] ———— 


AE 


Direct Tungsten (W) Spectrum at 100 KVp 


sjuno) 


End Point 


0 6 12 18 24 29 35 41 47 53 59 65 71 76 82 88 94 100 106 
Energy (keV) 
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rs i 
o.s 1 1.5 


2 gi gl À, Fa 
Of Ge cg 6 paie CUL Ge 8 Le 036 qSll glail) Gi ESA Gas 
Lbiie Cabll (je Jap a0ë le (5 sin 8 jraall AiV| 


ul ji Cle LYt Cul (ja Îe je Aanull AëY| JE 
A à O5 SI 105-102 Cu lei 55 58 ALL Be 
.jia 1072 3 107% Cu is dll Lell ski pe 
(OI 3 saeñe) sax CAL 33 cale ail, Asipull Ab ALL cb jieis 
«pal ypaill lé cils sa guls Canuti 
La ji 5 Gi SN Ou AN 62355 


£a Mali gras (oi 5 Laine LS (89 ji 


Lg 95 Lailaie LeËNl quil je pull Lil 7 JS 
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Bslall (à All NIMES 


ALL Las s lensio Ge dell pipe ge «63h Jus «Lis upll La jyue çoal Aipull Auil ASS pe 
Alass Al 
Qgise il Jsniall, yéliaial pe 
D has (J sie Be 
ADNEIL 

eoà À yes D gi lolautl al gi A8 858 MI uuill Ce 5 ju ASS Aipull Ant (ja La js (GA Lodie De 
LS Ce ess; Lo aill 8 y nl (8 Liu Shll Ce à 5 cols EN Salt ges 


ssl çà Ann ss PRVER 


2 en Ps Li à CL IRL 9" 5Ls Laisl) AulldeiVt ai ss 
ES 3 «si À ) 29 DE x D 
Li —UX 
CORNE PSN ER IEIE AS 
Bd cyan X Ailual La 3 ja des ARËŸ de js Baû JD 
= Ce s all als ill Jules y D 
Lei Sal ç5 JA sal) pe 
Lis pe 
CFE IE 
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Asull ARËV| 71 yuil 


OS dus Li À Qu Gas ind LNl gai D 
ei Case Ji Ge Lei jé Ai je cl jai 

5 naill La sell JU gloaiVi ASuë olèe À) LI Au à 55 De 
8) 9hll (8 A Jill Gus AN Gi dus «je 10710 Ai je da las 
Ai gall gli CG à eilañall JA 
Abe Gilles gloul gôse 8) de 8 jiidl AN] jels 


LS je Cible s 


Asull ARËN| 71 juil 


its Ge Aipall LV 7 jai OÙ Se Qls etat CON pus JS Le 8 Ml GS 
As Li s 53 Lei sh 

Gill ges apai QI, Ailisall al gall Ai, cos Lies 8ste tail za Jai Ge OS 
3 )glall 3l sall guest À) sl 


johill saxidll à go pll linuf AV 43 lait AGlAlI (3e Âe sage 
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11 


Ajssall à slull AS — (ges Ledla 


DNA.Ge ul LV 1 pi 


Au AÈVL DU y il 


Lei GLS Lei ns padll audi (à Apall Anti Le js ali le Goluëll ygaill acix, pe 
gas 3 Arpull AVI él Anne 5 4e dus olète Ati outil olïll Hill (à ais pe 
Siliiul Lol) 4e al Oasis All ss «Suis Ji 5 pgmall aull Gi Al y 
Le guas pl Lu) Gil 3 Image Intensifier 5» 1; jus 8 y slétall clé 

le quai ll ebeill Juill à Jlal à LS Flat Panel Al casi al se Ce 

dus AUY o joe Lanlal Ü 35 culs ill, JR; AS, plait Asuil jui (3 (co abat s 
Las ill Qull AS Les quai pull Aile je ablid pus UV 255 HYb quel 
Let 5 


il as vasigall ; all 


1 gluiÿl el jé Ausall à bell AS — (gihes Ledla 


NE aï|| (ge æäll _ja graill 


iB Gall uni coluill all le sal ins els D 
cosguil All li D All Aëÿl cuis All GŸ 
OA De gps JS de 558 quil Line OK 
Anall LUE Locleail sal Las coûte ji 
Lo pub 5) All LU Lolo JS 6565 Le jai 
de lebiue 56 (cel le All AËNl as5 GS 
oeil Qll cs jéf Aiste jii Ce Às p3 all 
SVT Lo Alu Coleëll pyaill Jlj Le 
Les BUS YI Je) pe SU 8 j pli 89 gant Î ji Le qui 
ll ve xt Gill All 4e Si CURY ds, 


Leluäll 8 jgall (3 Au etats 
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NOTICE 


SILENCE 
YOUR 
CELL PHONE 


Balai pa il AY cible Lis 


20227202 
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Bill ge Anall LiŸ| Cet 
Coherent Scattering La sil ja pe 
Compton Scattering usines js D 
Photoelectric Effect 552 Si SN D 
Pair Production gl: 15 D 
Photodisintegration 52! ésäll pe 

hall alias 
«5 salu ABS | De 
Al AUS, ALU | D 

CHE Lasi 

col EN |] 


BALAI a Aaaull AY cie és 


Lgis ge JS Qissl Aindll LSVI ALL colo ji LAS « jie 107 Qi 1078 pull Axtd| Ag se Ds De 
CU y JS pe ASIN lu ie REY Joli Lais «JS JS 5 JM pe jeta ALI Anis AeËŸ| De 
8 ll 81 35 ga I Alle LAN Joli, «5 ji 
ce Lal Üë 5 all pe All AËYl Joli 56 D 
Coherent Scattering di jill jell 
Compton Scattering ses Jin D 
Photoelectric Effect is ySll J sxûdll 


Pair Production gls5Yl as 
Photodisintegration (si ll ésaill 


2 Lil was vasigall ; siSall 


il jidll jixsill 


Oil LS 10 ce il LU CAL vie ss 
cles JÉI Lane 8 ju 5 35 pe LV À 555$ Jelit 
Qi Dilan ins Andl 5558 Al 55 CA C53 3 Lao 
etsiYl die Cali 4 à jf ll Cy 95 all A8ULII 
ll a de ob a D 
ge bill pyguaill (à Luai 41 Cul De 


5 ppell CUS (DAS s gps Qu De 
La. 


Gi al Si pe AV Clg del p 
osé Ci, 591 Oil Ame El Al Lau 
ill Lui 


Question: A 30-keV x-ray ionizes an atom of barium 
by ejecting an O-shell electron with 12 keV 
of kinetic energy. What is the energy of the 
scattered x-ray? 

the binding energy of an O-shell electron of barium is 0.04 keV 


30 keV = Es+(0.04 keV +12 keV) 
E, = 30 keV — (0.04 keV + 12 keV) 
= 30 keV — (12.04 keV) 
= 17.96 keV 
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LI Gsiés Done os Ge NE ab OÙ Ge D 

els lai Jé ans de el jai clé cñiadll &iull 

As Ki 
Le LS ge pe 5 Jinsall AuiŸl ei 5 sé AL Gad De 

Softtissue "Ts | ; ; T4 | 

dr Os a jo À Jill LUN Dig ci ja OÙ Ga 

LVL Leu à Jill si sàll des (AI (y 55 él fi Laaie 

.backscatter radiation 53 yall & jixsall 


Relative probability of interaction 


X-ray energy (keV) 


«sol suell, là (gba, Ÿ 5 Aou) AMEN] Ci 55 58 ALL 305 5 ge CshesS Die Je laisi unis 
.8atall 


5 )poall CHE ç CAR ce Leu Aug Ad ARS olutll panel à cyan a à 
Fr 


slsidll AR ie uige oleil 2e js bill éoluëll puaill (à Dies Jai Ce ai D 
ou all Ge ds sil 


ge æill y peill Co jà a ai lili 5 jienall AVI 5538 5 Qi pe 
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1 gleiyl LS Aisoll à slxll AS — (géiad Ândls 


Mr Jin. Den _ 
Of ML Où Le Gi Gus AL OS, Css säll, 5 al 
8 alt Al | 4 ALL 4 à ji ll Asiuull PERS 


Due «(ES LouŸl) Gaisidl (il sul El sal (à 

Qà 63 ji gli ge (55 58 AAUI Lu 955 À lue A, 5 nl O3 SV 

Î 5 Ji AL, il oil jus puSll 65 pall anal là af gall 
3 JS ab J LL Leg gli ,Y 


Sie on dl A ne EE 8 Le gi à 
5 V1 ie dé Gall CH laall Lis vi 


Alomic K-Shell Electron 
Element Number Binding Energy (keV) 


Hydrogen 0.02 
Carbon 03 
Nitrogen 0.4 
Oxygen 0.5 
Aluminum 1.6 
Calcium 4.1 
Molybdenum 19 
Rhodium = 23 
lodine 5 33 
Barium 37 
Tungsten 7 69 
Rhenium : 72 
Lead 88 


Atomic Number and K-Shell Electron Binding Energy of Radiologically 
Important Elements 
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Relative probability of interaction 


© 
+ 


s 
& 


40 60 80 100 120 140 
X-ray energy (keV) 
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LV Ci 55 58 AL Ce JS (oignn es elii digne Jlaisl Glei D 
Ball (5 ji sell 3 Aiull 


83 ji REY li 55 58 ALL CunSe pa Lise Jin Yi la Culits pe 
Se qua a y coulis Las «dlxll 3 8 38 Ji AI Ce JS (à 


Question: If the relative probability of photoelectric 
interaction with soft tissue for a 20-keV 
x-ray is 1, how much less likely will an 
interaction be for a 50-keV x-ray? How 
much more likely is interaction with iodine 
(Z= 53) than with soft tissue (Z = 7.4) for 
a 50-keV x-ray? 


Type of Substance Effective Atomic Number 


HUMAN TISSUE 


Fat 

Soft tissue 

Lung 

Bone 

CONTRAST MATERIAL 
Air 

lodine 

Barium 

OTHER 


Concrete 
Molybdenum 
Tungsten 
Lead 


Balall (5 pl saxll 


20 keV ] 
50 keV 


(A) se 


= ) = 0,064 


Answer: | 


Effective Atomic Number of Materials Important to Radiologic Science 
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pal EE, 1 5 Ya 55 


£ 1.02 Ji Ge) 52 Liull LËY 0 55 58 AL GS ladie De 
Posit Li Ji Let, 8 ji eu, JS Le 5 Yi Sa (Mev 
We So gs Ms ssl Ù6 CN cs3 9 coll 5 Leïl si clés, 
M, Guleus (0.511 keV AL Lagie JS) ALI (68 ç5 sluïie 
eLaiVl à 

De Glel) las 5386 Aiul AY Os AL 36 laïc D 
Ans 8 JA 8155 dé Ga KL cad oÙ Gaé «(10 Mev 
DST 3f GG 8 pare Lel ë ji 

Kool y ouaill 3 ÀiRas jé Ce laill où pe 


Dhs ie 1 AQU QUI GéLSRY| das pe 
02 jall pus Ce 8h) LV 3 Cia je HV 


pal Gi ques Si Qi Cius jai (du D 
ue Lull 


à Anattill Clsledl Ligne VI Joli più 
SJ 8 )guoll Jus QI il si gall Jui Ÿ dus 5 y pull 
(BAS) (itall ç5 jt all ls Las DEN Ci dll il 


Three types of x-rays are important to the making of a 


radiograph: those scattered by Compton interaction à) ll js | ai 8 jalæll : NV Lie À in > 


(A), those absorbed photoelectrically (B), and those 


Î itted th h th tient Without int ti . « - : « 
no ed through the patient without interaction (C) el Al 5) il à sis ga j 
nn om F é # 
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iatéill usluaieYi 


SN Ou Le Gil da deleill sul JR 
ue Le my canal 5jlall AniŸls (ip ll 
hall ati Yts 

5)pall JS ausll ie All Al Ge 0.5 
ic LeiY] 

Alle CE Cl Ac Lui B ju ile ÿ as al 
Lie ei ils ypaïll ialeal Quulidll Ji Yl 
hall joli Ce jy deal Laë AUS CG 
pal Ci Ce Couss 9 


5 JA sal 4e + Lai steel 


Se qua 13 y Goulii, ip Qi NI gas Jléial G 
4 DohasS Jia (le Y Cas çoà 6B3Lall (5 all Sax! 
De 858 il quil s asall (à ail COLSV| mi 
Bal 65 ji all Ge scies (sl 3 ge ei I 
AV 3 all Ou Le Jelaill uuill Jia Y 556 
O6 5 38 Ji 
AL nl æ Lagio US Aallall Lall (523425 Lai 
ul LuiV| Ci 5 jà 
DAS TE D CC Liu js Ainisidl) AI die Melaill es GS De 
X-ray energy (keV) Allell CAI die jhuudll 54 (gite S Jar C9 Lain 


Relative probability of interaction 
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83Lall AS, AB : LS) patio Y| 


.OD À praull AG ; salall AS Gus CG El ins De 
.Kg/mM 22 Bal 3 (à Balai ÂUS, ssl) AUS Ca ai De 


dti Ba g ce Ji Cas cos JE JO Baldll AËS pe null Ab Ci 55 à Mel Qui pe 


Question: What is the relative probability that 60-keV 
x-rays Will undergo Compton scattering in 
bone compared with soft tissue? 

Answer: Mass density of bone = 1850 kg/m° 
Mass density of soft tissue = 1000 kg/m° 


1850 
—— =1.85 
1000 


Balall AS; Aie nie Laïll Ste | 


Substance Mass Density (kg/m°) 
HUMAN TISSUE 


Lung 320 
Fat 

Soft tissue, muscle 
Bone 

CONTRAST MATERIAL 
Air 

Barium 

lodine 

OTHER 

Calcium 

Concrete 
Molybdenum 

Lead 

Rhenium 

Tungstate 


Mass Density of Materials Important to Radiologic Science 
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83Lall AS, AN : LS) sta Y| 


AGÛS Ca 8 3e 770 — Si 58 ji gmail AUS) AUS AG, 8 le falaiol Culul JO Gill pe a De 
(OI AS Ge ul pe EE s el sell 


Question: Assume that all x-ray interactions during 
mammography are photroelectric. What is 
the differential absorption of x-rays in 
microcalcificanons (Z = 20, p = 1550 kg/ 
m) relative to fatry tissue (Z — 6.3, p — 
910 kg/m°)? 

Differential absorption due ro atomic 
number: 
( 20 l __ 8000 

ES/1 0250 
Differential absorption due ro mass density 

a 1550 DE. 
910 

Total differential absorption 


132 x 1.7 = 54.4:1 


= 32 -:1 


Question: What is the probability that an x-ray will 4 gaaill Si Calill Casa à gall s ea ul eu 
interact with iodine rather than soft tissue? 


Answer: Differential absorption as a result of atomic Ie Se Le a sLae| Le | 
number: SE ER) «si lee Ce el Es, Lis 
6: (63 2311; 66 ex 414 el) 


Differential absorption due to mass density AE sg où 
== 493.1 agi Qi AUS 5314 pull ge slsgll sai De 
Total differential absorption AMEN sl ll «ets ie lili 


=367x4.93=-1809:1 AicLnall 
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ALL 4 Lili 3 ç5 JA sal) Ge Ball ge Armull Atëÿl Joli sie, 
el sa Ci gi oà 


AVI Osié Qi dus yalaiYl (Gigi EN Jelë Leu 
Le 4 oslenYl 536 5 dé 

js Dhs Jies Joli 3 well 6 

das AAËNI La js Ca Aéall Gil gi ill se (à CSI CAUSNI Gen 
CA sill Le aus Ce ÀSLan Leil is] 


Number of x-rays 


CR ONU 
0123456789 


Tesuo tineee (or) All LV Gé janill, LoleeYl Ge ua sil ais 
(ÉSLeull (8 894 5 JS inc Lui) Qui All LAËŸ GDS D 


diuses0 1 2 3 à ému 
Tissue thickness (cm) 
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Ari An pJailas 
83 sal - 


2022-2021 


ul LV cul le 5 sal Jal sxll D 
ul AV sa le 8 sal Ja sell De 
Liull LV 55e le 5 isall Jal sxll D 
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LiuulhäeéYhent de 5 ÿ5all Jal sl 


Cu 5 slt lie g sages AËŸ gui Ge 8 pli All ALËŸI Ci 55 38 CSI sl Jing D 
(I Cab (sie JA), jaldll AVI cul (pe AL JS sie 5 jai 
Là 8 pal AN Cal (à 8 Jisall Jal xxll D 
Dsl JS D 
il cle Gulli (il Si seal D 
ill au Mi D 
danaall (à Cangli 5e De 
p sill agall À 3e SE 


: 
3 
Ê 
2 


mAs mA 35 js ji 


1e} Le Cyn Le A8Mall (985 ecJal sul Ai CiË die D 
He se LAN Gouil is (clisisil a) 8 pl Anal 


Ab 
200 mA (mAs ” 
“mg aies AN) Cu en ES De 


25 50 75 


X-ray energy (keV) 


Number of x-rays 
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Number of x-rays 


ijnsall a slall AS — (aies Âedla 


KVp Sssÿt le Gall il jee sell ji 


AN nes (585 ces JAN al sal aë Ci die D 
Âuui as je ge Aauliis (Qibi 5 säll ae) 8 jalall Asinull 
Ni Gaule (éshdll (ui agall à pl 

Qui Si 56 das, Ami) Cul JOis Je jui De 
AN Llall CUUAI Âge (à 

All AV CA 3 sùl alaall AU La Gi De 
KVp Gall its el seal Dose À ue 8 paliall 


X-ray energy (keV) 


kKVp sl çle édaell (it: Si gli ji 


Question: Answer: The area under the curve and the output 


Suppose the curve labeled 72 kVp covers a intensity are proportional to the square of 
total area of 3.6 cm?and represents an x-ray the ratio of the kVp change. A ratio can be 
quantity of 1.25 mGy. What area under the established. 

L j 2? 
curve andf ray quantity would be expected (5) (3.6 cn?) = (1.33% dm?) = 4.7 em? 
for operations at 82 kVp? 72) 


and 
(1.3)(1.25 mGy,) = 1.63 mGy, 


ist çoi23 vasigall y al 


KVp Sheet Ju el senti ji 


Gal Gil it dal Gé EU) OC! D 
DS 45 ghue Qle La Ji Là LAS 415 La js 
el Gé oil ji Lai (à licle 5 mel 
abal MAS 
(50-60 kVp}) imisll Lil Slt 3 5gall sie 
.mAS its ASS kVp 7 La jlaès 8 5 Ob 
ea CB (100 KVP Gé) 4aë sell 25gpll die 
.15 KVp «a all 
8) cins Ain 5 pli Ci si gall se ae LA 
A0P ds dsl 


Number of x-rays 


25 50 75 
X-ray energy (keV) 


AS 4 Anull AE) Le js BuË (je pu jall aës Be 
es Alu gll AU (3e 3 53 

da jai Lund la pal Aile) lee Le Be 
ue Lil 

abali ALI Ÿ 3 5 jaadll AVI Cul ju Y D 
As jalt ALL Ci gi all 


Number x-rays 


X-ray energy (keV) 
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+ al «aa 5a3la Ji 


Àic 555 dde darnall Cana Balai (5 ll sell dass pe 
8 palall All Amñ| Cali si à 

ga null LU AS Cul al 5 lleë 3 5 De 
Cl ys3YI IS (Jia 3 Cagli Sabal (6 All aaxll sta 5 
All) CULI etait 

sie Aulell CULI etait jpadll AVI cb pl 55 D 
gli 8alal ç5 jàll saxll aa 5 


X-ray energy (keV) 


psiall agali À ge JSE ji 


AnËYl Gaule agall Cal sal JR Guas 8 9 
À sie eg 5e chuai - y se çoalal De 
Aa ga AS As se y shall çgalai De 
X ay energy (keV) pe Ci Cau = )3 DE 


Number of x-rays 


spectra for 92-kVp operation at constant mAs À 38e — din 12 — ,,Lil DE D 
All) las A pe 

Job LÉ alasiut Qi pit çéalai Ge ON die 412 Jiiies sell Gas OS 

33 gall ripull AVI saë Qui le Jynaall QI y 

bal sa 45 je V6 Lilag Les agall Las à Sala 3 Aullall eralas JE calal ge past ; 4G 

5 ) pal Gaël rh le MAS La Aie line A onëi Al GG ll y shll Lnlai agsil 
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Factor Effect 


Tube current Amplitude of spectrum 

Tube voltage Amplitude and position 

Added filtration Amplitude; most effective at low 
energy 

Target material Amplitude of spectrum and position 
of line spectrum 

Voltage Amplitude; most effective at high 

waveform energy 


Ain AVI cul de 8 sd al sall 


An Increase in Results in 


Current (mAs) An increase in quantity; no change 
in quality 

Voltage (kVp) An increase in quantity and quality 

Added filtration A decrease in quantity and an 
increase in quality 

Target atomic An increase in quantity and quality 

number (2) 
Voltage ripple A decrease in quantity and quality 
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150 kVp 
125 kVp 
110 kVp 
100 kVp 
90 kVp 
80 kVp 
70 kVp 


Exposure (1 Gy MAS) at 100 cm 


60 kVp 


Total filtration (mm Al) 


These curves apply only for single- 
is phase, full-wave-rectified apparatus 
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Auull A2 SV) SE de 5 jisall (Jai gall 


Bal ss Loleüll jy guaill Aolaif (à Arinull AN de 3s sui CAE De 
(MGye) 1541! Gé 5 Gi 

mGy,/s, :Slasl ss Coleiyl 02 juil Jane Gal De 
mGy,/min, mGy,/mMmASs 

iles des de Leluël de ja Auot) LUI Qui jus De 
1 a de di, 50 UGY,/mMAS & jai il à LS 70 4ïaé 
AS ysall Axñll Ca ÿe 


Anal) AY] sai de 8 ji sall (Jai sxll 


The Effect of Image Receptor 


Increasing X-ray Quantity Is  Exposure Is 


mAs increased Increased 
proportionately 
kVp increased by Increased by 


Ge) y 
kVp: kVpr 


Distance Reduced by Reduced by 


Filtration Reduced Reduced 
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Aunull A2 HV) SE de 5 jisall (Jai gall 


MAS ee hs Ji s fa JL Apull Luiÿi sui Qui 


X-Ray Quantity'and mAs 


where |, and I, arethe x-rayintensities at mAs, 
and mAs,, respectively: 


Question: À lateral chest technique Atswer: x ____20mAs 

calls for 110 kKVp, 10 mAs, which results 320uGy, 10 mAs 

in an x-ray intensity of 320 1Gya at the (320 1Gy,) 20 mAs 

position of the patient. If the mA is X=— 10m À 
increased to 20 mAs, what will the x- 

ray intensity be? 


Lis es 2 


Asiuul) AY] sa de 8 jsall (Jai sxll 


à JS 9 fo  Asinull LetŸI Ba Cuutiti 
X-Ray Quantity and mAs MAS €s «hs Si, > ——— Dir Cu [2 


where 1, andiE, are thex-ray intensities atmAs, 


and mAs,, respectively: 


Question: The radiographic technique tEwer: x _ 45 mAs 

for a kidneys, ureters, and bladder (KUB) 7" 2.5mGy, 60 mAs 
examination uses 74 kVp/60 mAs. The (2.5 mGy.)(45 mA) 
result is a patient exposure of 2.5 mGya. = —— 
What will be the exposure if the mAs 60 mAs 

can be reduced to 45 mAs? 


= 1.9 mGy, 


Lis es 2 
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Ci 5 MOV sie pou Vl JU Cys ÂEDel| 


mAs = mA xs 

= ms xs 

=mC 
where C (coulomb) is a measure of electrostatic 
charges and 1 C = 6.25 x 10'° electrons: 


ijnsall a slall AS — (aies Âedla 


Dugall (ya Âgs sidll ab ; IN) de Ge MAS je 
Anal) AVI ai (AM ç dæmvnall (I 


Question: A radiograph is made at 74 kVp/100 mAs. 
How many electrons interact with the 


target? 


100 mAs= 100 mC 


Answer: 


= 6,25 x10!° électrons 


Auiuull AY sai le 8 jigall (al sxll 


X-ray Quantity and kVp 


be (KVP: Ÿ 
L (kvp 


where /, and /;are the x-ray intensities at KVp, 
and kVp;, respectively. 


Question: A lateral chest technique calls for 110 kVp, 
10 mAs and results in an x-ray intensity of 
0.32 mGy, (32 mR). What will be the 
intensity if the kVp is increased to 125 kVp 
and the mAs remains fixed? 


dés D 


Di Jane gps ça lb Aiaull ALI Bat Qui pe 
Al sil le Gall Li Si seal 


Answer: 


VégmGr, (101 
B 


125 kVp 


1; =(0.32 mGy.)| a kVp 


= (0.32 mGy,)(1.14? 
= (0.32 mGy,)(1.29) = 0. 


ÿ) 
10 kVp 


| 


41 mGy, 
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Âjnsall a slall AS — (aies Âedla 


Ann AVI SE le 5 jisall (Jai sall 


X-ray Quantity and kVp 


. (um) AN Soil cle Grbadll be Eli agsli 


KVP2 


where, and /, are the x-ray intensities at KVp; 
and KVp;, respectively. 


Question: An extremity is examined through a Answer: 1 -| 54 kVp 
technique of 58 kVp/8 mAs, resulting in an 240uGy, \58kVp 
entrance skin exposure (ESE) of 240 uGy,. 54 kKVp 2 
Ifthe technique is changed to 54 kKVp/8 mAs 1 = (240 HGr.)| FIAT | 
to improve contrast, what will be the x-ray 58 kVp 
quantity? = (240 uGy,)(0.93) 
= (240 1Gy,)(0.867) = 208 1Gy, 


Asiuul) Aa HŸ) sat de 8 jisall (Jai sall 


25 %40 Miss Gand (il je agall Bal js Ainull LuiY| sui cle ill 15 pe 
3 goal Asÿl cut Qls QUlL ; All RAY As 8 jaë pli ,Y dll All Sas Ÿ cbilae 
si le Blsl cacill CN MAS Gel é oiVl JS combi 9615 La jlie sgall (à 8345 JS Qi 
ti hu Ge Aid LuëVi pe AH 


de pe (à va gale lil; CRI gleu Qle Cu cape Gold JUS vi; seal 05 Ge gi 
— fé g 55 Ga diiudll JS ls (8 SU Lee yl 5 y all Ci LE vtt QI (sa ST 5 60 52as all 
Le , Lits Jill LS ls (85 juall Ge ji Ÿ Lais Lés 4 of 


ist çoi23 vasigall y al 


1 glmiyl sb jé 


11 


Question: 


X-ray Quantity and Distance 


(a) 


ijnsall a slall AS — (aies Âedla 


Anal LENS le 8 fisall (al sxll 


A radiographic technique calls for 
80 kVp/30 mAs and results in 1.4 mGy.. 
What is the expected ESE if the kVp is 
increased to 92 kVp (+15%) and the mAs 
reduced by one half ro 15 mAs? 


Answer: 


1.4 mGy, (30 mAs 


1="7 A) 


15 mAs | 92 kVp | 
]Ù80 kVp 
{15 mAs | 92 kVp | 
30 mAs )\ 80 kVp 
= 1.4 mGy, (0.5)(1.32)= 0.92 mGy, 


Auiuull AY sai le 8 jigall (al sxll 


where /} and/; are the x-ray intensitiesrat 
distances di and. d;, respectively. 


Question: 


Mobile radiography is conducted at 100 em 
SID and results in an exposure of 0.13 mGy, 
(13 mR) at the image receptor. If 91 cm is 
the maximum SID that can be obtained for 
a particular examination, what will be the 
image receptor exposure? 


Di Vans eu je ge LuSe All Anti saû Qui pe 


eV ca ouil avss Cana (je Ailudll 


Answer: 


? 


0.13 mGy, | 91cm | 


B 


100 em 


100 cm |] 
91cm 


BL = (0.13 mGy.)| 


= (0.13 mGy,)(1.1? 
= (0.13 mGy,)(1.1) = 0.14 mGy, 
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Anal ALEVILE e 8 figall (al sxll 


X-ray Quantityänd Distance Jai (axe are Le Asinul| An àŸ} Bai Cult be 


i-(+) An} conf aevee cha (je Aéluall 


where /, and /;'arethe x-ray.intensities at 
distances d, and d;, respectively. 


Question: A posteroanterior (PA) chest examination Answer: = 

3 : : 0 ? my 
(120 kVp/3 mAs) with a dedicated x-ray 0.12mGy, (100 cm 
imaging system is taken at an SID of 300 cm. : 
The exposure at the image receptor is 1= 0.12 mGy.| 
0.12 mGy, (12 mR). If the same technique LS K 
is used at a SID of 100 cm, what will be the = (0.12 mGy,)G} 
X-ray exposure? = (0.12 mGy,)(9)= 1.08 mGy, 


I 300 cm | 


300 cm Ÿ 
100 cm 


The Square Law 8) de Qi SI «te Cut V2 pi «le BEEN) D 
Sa Pet AR A , 2 tof Li 
Ailuall 25 Jar a je ou MAS aiŸl jui 
where mA$, is the technique at S/D,;"and mAs; is 
the techniquerat S/D; 


Question: What should be the new mAs in the previous 
question to reduce the x-ray quantity to 
0.12 mGy, at 100 cm? 


Question: A posteroanterior (PA) chest examination 
(120 kVp/3 mAs) with a dedicated x-ray 
imaging system is taken at an SID of 300 cm. 
The exposure at the image receptor is 
0.12 mGy, (12 mR). If the same technique 
is used at a SID of 100 em, what will be the 
X-ray exposure? 
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Âjnsall a slall AS — (aies Âedla 


Ann AVI SE le 5 jisall (Jai sall 


DS 3 LoleËYl Le ja (à un si (ôdle a smalV| (pe) Aire mûl pe Loleñll y naill 5 jesi dis pe 
ALU nés Anal AVI Ci 55 sé je Dali Crags dllS y ale 5 (Lis À Ce ÂSLous 
Agnull AY Gui GAS mù Jill 8j die De 


CA a Lonf pas dé ci Ji Coads Lil eus pall de je GA (Qi squii qui all AL 5345 GO! 
AU 5 ) sal 


USERS IE PEN EE 


callall 83 sai) à 2e all Aallall Aa cl Lola Yi Le jai vus 9 Be 
Le qi GI il Qle Ab Cili 5 5 paie conte (je jai Leila 55 à AB, Aunll A ËYI LIU Get pe 
al Ji jf Aéludlls Le leËYl Le jall 55e JE Y pe 
Ai çe ll aaxll 05 pe Qi ; onèsidll ç5 Jill saall ei Al à lof Asnull At Lu 565 D 
8 SA quil 
Le 5 juil Lui à Detail cntill, QoliYl Ge Lull LV 3 Gus sl my 


la ele 5-1 ça 8 els HVL ciel tte Mal Luc Lime SAN sans Qi cpolatll pool à 
BON quill Ge pus 6-3 Ga 3i  saidli 
air pif DL 8 jLall Aiall LA} Bat praxké il À sllaal} fatall ta chili chat 
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HVL nil A Cité 


The following data were obtained with the 
radiographic tube operated at 70 kVp, 
while the detector was positioned 100 cm 
from the target with 1.0-mm Al filters 
inserted between the target and the detector. 
Estimate the HVL from observation of this 
data. Then plot the data to see how close 
you wcre. 


X-ray quanity (mGy;) 


One half of 1.18 1Gy, is 0.59 uGy,; 
therefore, the HVL must be berween 2 and 
3 mm of Al. A plot of the data shows the 
HVL to be 2.4 mm Al. 1 2 3 4 


Absorber thickness (mm Al) 


Anal) Ai 898 (de 5 jisall (Jal sxll 


Les 85 als 55 NL s AaY| oil le (slaall eh Si agsll 85 pe ele Yl Le jai 8358 1 55 De 
Vel Asil sell cuil Aa Aa Lyme 313 Yi 9 


Kilovolt Peak Half-Value Layer (mm Al) 


50 7.7 
75 2.8 
100 3.Z 
125 4.6 
150 5.4 


14 is is Lañigall ; siSall 


Anal) A2 HV) 535 (le 8 jisall (Jul sell 


Qbsall de Deus ja ils jall AL] Ce (out ll gl Ci D 
Leis Si Li Cons vs pall cas pa (ll (5255 (oill 3 él Anis ie 
a jai Cia jaS (piles ae sai Be 
2h dus din 5 dalaiiul À ggul Ü Ji (7 = 13) Al D 
ge JS ÉVU AG Linie Cul si à Ce ualail 
Copper (Z = 29), tin (Z = 50), gadolinium(Z = » 
64), holmium (Z = 67) 


Number of x-rays 


Anal) Ai 898 (de 5 jisall (Jal sxll 


Aile 5j Aului Le) otuill y mil 8 jeni Là ils ji GS 
Lo js1 Loutul La je Aineall 3] ste 5 Lil 7 58 sit Ji pe 
ga all où a 555 « 0.5 mm AI ls Aie jai; Am 
Mirror 1.0 mm AÏ! 8e Ga Eli (gill pass Jes qe g 38 SL ai 
TOTAL 2.5 mm AÏ 0.1 mm Al = less DT 8 34) pull 
ail cas saudll ÿ AN 7 5 38 SU Cu Âa je gril cali 
1 mm Al o hiéa Lauë 5 ba s cuil 
Ai! 1 mm Al o jlae lapi y5 (Gi uall A5 ii Es abs can, 
anal 81 jall 392 5 canus Ami À 3a 
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ijnsall a slall AS — (aies Âedla 


Anal) A2 SV) 535 (le 8 jisall (Jul sell 


CUS gl CUS ii lui jp die D 
Ca À5 £a a gai Cia je ani As à 
Jynasll Lips aaielll pe ASUS 31 se 

gala g sh ils Aeluïl 8) ge Le 


Compensating filters. À, Trougph filter. B, Wedge filter. C, “Bow-tie” 
filter for use in computed tomography. D, Conic filters for use in 
digital fluoroscopy 
Lis es 2 


Anal) Ai 898 (de 5 jisall (Jal sxll 


dr 


Use of a trough filter for examination of the Arrangement of apparatus with the 

use of an aluminum step-wedge for 

serial radiography of the abdomen 
and lower extremities 


Use of a wedge filter for 
examination of the foot chest 
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Anal AVI LE 9535 (de 8 jgall (al sell 


Factors That Affect X-ray Quality and Quantity 


An Increase in X-ray Quality X-ray Quantity 


mAs None Increased 
kVp Increased Increased 
Distance None Reduced 
Filtration Increased Reduced 
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5 jiaridll Ami al 5 

8 Jixsiall AV le 8 jisall (Jal sell 

us all aux ASLau - ele Jéall Asie - (10 Si deal De 
8.) pal Cal le 5 jieriall Aÿl ts 

Aie lei Yi Le jsll Classe 


5 jiall ball As) culsane - L, id; il VI - aperture diaphragm silssil sé p 
fingill LuiLall cut 

Cl Cut Jabee ASuûll 53 35 — AK Jane D 
Déeaill Aalell CSpäl 1 s3l 

4€ jai - 5 di = Will LANG bp 
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FIGURE 11-1 Some x-rays interact with the patient and are 
scattered away from the image receptor (a). Others interact 
With the patient and are absorbed (b). X-rays that arrive at the 
image receptor are those transmitted through the patient 
without interacting (c) and those scattered in the patient (d). 
X-rays of types c and d are called image-forming x-rays. 


sos Lol 5) pell à Cl; Ai sl) AERN JE pe 
Aiguil ge Jet of 0 50 cms pal ui (ill Au | De 
DAS JPG Loue Jeu (11 Let} 


All vs all QI tel ns 9 Ji Lie Liÿl À st all Collimation sul ss De 
(A pal Aüball iabe Gaià5) in jall e je Uniii D 
Sal Qi Gus D 
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3) pall Hétue (M C2 pall Apuil ge Jetër Y Qi All LËVI Jess cf as Ie JS pe 
3) pal CAS (à valésil Qi) 8 jiniall AVI A5 (535 De 
cegà Ausi ) else D 5 pull ifiue plu (jus Qi 5 intel AU Aunuill saûll JS pe 
KVP gib es desll D 
ge læËyl Jésil islue D 
23 pal Alan Be 


ai yeS sll ji 


lié; sslll ga etai (Qt All AI ei gigé de QU (il yeSli sell 5 5 die De 
AS Cshes jinil 
rail y (il eSil deal Galasil Gi D 
Age LE Yi Ga pall e ps (à 8 nf Bale 3 QUI çe8 9 Lee nt 35 A (5 pe el Cala | 5345 De 
AU 5 Qi pe ll 83 5 ll Lee 5 jnall due QU cit 5 ill cuatlas Hé ane Jus De 
Lai on ll äe 
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PERCENT INTERACTION cel 
kVp Photoelectric Compton Total Transmission 


Through 10 cm of Soft Tissue 


ei Je Sl sll ji 


| 1:14 See 
70 KVp/120 mAs 80 kVp/60 mAs 90 kVp/30 mAs 
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a) pall Aaliall AKLau 834 j die 5 Jiasiall AmtY| aa 35 

es Ce Là y pi 

ASLaull 834; die Cgf Le jt À 91 5 ais 55 

48 Jfasiall Anti al 35 (à Laga Î 553 y snadll quuill Ai cat 
sie AAA) auall Lau yradsil Baall Jilus dlasiul (a 
(ES 
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US À 3 (M 5 ; all Cab 8 JUN Se [2 
Aalisall Aie Lal| 
Mein laë jmaill s 858 il As 


Gill 4 Lie Lei Yl Le all Classe past pe 
«où 8 Jinsiall AnËY| Ji Cost jierill Axitall 
Awtæll 5 jgall 
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Ac Lei Y| 4e ail ils 


re LI Le jai Classe Ge sl Use D 
aperture diaphragm slsall sü pe 
D jédll , Citil uÿl D 
8 æiall 8plunal) 4sïall Cilsaue D 


aperture diaphragm tai ss 


Aeteiyl Le jai cliise Jui a De 

ca sil das Li je Ulis jii Ca jals de 5e D 
ill Lui 

dfue Aalue cye Ji (is uns Ati Clé u5G D 
3 ) all 

Ce CA sell Cilà y gnaill 8 jen (à ani De 
8 y pall chaéine Am ca quil 
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aperture diaphragm stssil äs 


D Sal ; Caibl ul 


sil si AU poli a D 
last 2aié auf catesi AL ç he 9j Asines Al ul Ce 8 Le D 
À sllaall Astuall cuutiil uèall Lniÿl es Aa Caags 
de DS 5 (ele Yl (Jiall Âslus aasall Ia Ja s JS des pe 
{gps Si 
Ë Jane ÿ (oil plauŸl sasall ; LeËŸl Conf GG Cf NI ins De 
ue EL Re RS Bols Lion le 59 pal 
.cone cutting «ex Le 3) eluiyl 
Qausi Jai Ge auall (je Base Gblie y guail Lis asus > 
AN Guall pos sie (lall ga LS Cytil 
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1 gleiyl LS Aisoll à slxll AIS — (géiad Ândls 


me PTS] 


8 xiall 8-Lmall 4 ai) Clans 
Rotating anode 


Focal spot 


Patrol Apostill pgaill 8 jesi Cale sui JSNI La D 


tube housing 
Mirror 


Second-stage 
long shutters es LS 


@'° Ld 
n 
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ijnsall a slall AS — (aies Âedla 


5 yætal| aus | D 
_xial 


À S psall Aaïll 7 JS ai LU (à amnall Âe pudll lis IV as Ge Lil Lull VI D 5 D 
Aelill 5, ll Aus (pe 

Axil og PSS suuall ai mie 8 5 Jill il jaëll (je de Ce Cal ga dl shutter g| as pis Be 

Pl és gas ja JS Jan, du 3 de Ji Y citées els il (ya All qu all Gil »3 que De 
dhiue 5 je Goleël dis (bail Jiiue is Les 

Le Lu Yl Le jall Lslue (GiUi Seline Late (laxil AuSle 5 ja ge Belin] gel anudll làa Gant, pe 
A 

ge bi Yi y naill 5358 Clans ali y Cjans Let Yl 3 Ai pull Cialuall GUsi (je all Gas De 

.positive beam limiting (PBL) AY À jall aus jen ill la Len pe 

(Gé a mali (ja 20 3-2-1-0) Le jt è plie 2, Cilsnudll oda ma Oj Sa D 


5) DS (à 5 jpoll (ii olails 5 Jiesall AuiYl alu pe 
ue Lall 


5 jiariall AmiYl on jliñe (paài (A jieill Âxïlall AQU Cangi Be 
$ )gall affine olaïls 83 1 sil 

(pal JS) Lt Lists sale (je gril ji Ce conlul JO DS D 
us Jui (oAl aonidlŸl 3] LUN sale Le) Leiss Lasë Jjunès 
Aoleüll 5 jpall (le 1 4S 5 ane 

3) pal Jus; O2 jall x Le AGuill mn 5 De 

us all angl 5 jlell ; Laginall ut li 5 çà AG mas pe 
8) peall Jiiiue Qi] J ses lb 
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Grid/Surface X-ray Absorption Question: When viewed from the top, a particular grid 
% x-ray absorption shows a series of lead strips 40 lim wide 
_ __Width of grid strip <100 separated by interspaces 300 um wide. 
width ofgrid strip How much of the radiation incident on this 
+ Width of grid interspace grid should be absorbed? 
SO ©" NE" Answer: If 300 + 40 represents the total surface area 
and 40 represents the surface area of 
Question: A grid is constructed with 50-um strips and absorbing material, then the percentage 
a 350-um interspace. What percentage of absorption is as follows: 
x-rays incident on the grid will be absorbed 40 um 3 
by its entrance surface? 340um — 0.118=11.8% 
Answer: 50 1m =0.125=12.5% 
50 um + 350 um 


AE 


rclaase EN AG pe 
_. T À jéll 4lau pe 
D Alidl qui ill x Le ill ae De 
L h ail ik 
Alsledll, AGuëll Jane uns D 


IT 1k< D »>| 


Question: A grid is fabricated of 30-um lead grid strips 
sandwiched between interspace material 
that is 300 um thick. The height of the grid Grid Ratio 
is 2.4 mm. What is the grid ratio? h 

Grid ratio = D 


Answer: Grid ratio = 
300 um 
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Question: 


Answer: 


Aisiall à slxll AS — (giie 


SET Ju à 


.16:1 is 5: Ge ile AG Vire O5 De 


Alle À js 55 olasiut sie Allall AG] CYane sas pe 
oSopl Qobuill y oaill à 10:1 Lis 8:1 dans il CG sai Be 
Janall cali ÂGuËl| cañsi Lai 85 Lau 8 Jiariall Amiÿ| 5:41 Janall calà AQU Cast pe 


What is the grid frequency of a grid that has 
a grid strip width of 30 1m and aninterspace 
width of 300 11m? 

If one line pair =300 um+ 30 um = 330 um, 
how many line pairs are in 10,000 um 
(10,000 um = 1 cm)? 

10,000 um/cm "} 
330 um/line pair STE 


97 dires LI AE 16:1 
23 jall 4e js Ce Aallall AG) Vase D 5 De 


_jinsill Aæila ASull à ji 


als ji à Ant ji il jéll de à D 

(La Allell clss ji ci Kill Las Ÿ D 
Cl ET À jé Ac Le ll 8 pgall à 8 all 
ia) 

ei 80) QU All ciao Ji is Ru ç53 55 De 
ue alle >> 

On Le 8 gas Cul Cissé 5565 Le Ullé De 
ssl Jill à ls 45,25 

SR au 5 Lol sl y ges 8 jesl (à D 
Si s 80 sy 5 5:1 3 4:1 axe cils 
as gl jiciiull 


à Âxals 
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AG qu 5 des Aie lall 5 ) sall (8 Cotill Bab 5 du Ge AG CHU Cusi cJabee jury 
.100 KVp esll sie êile Quusss 2.5 5 1.5 Gn Le Jabæall la Àaë 5 

pad ill & 555 602 pall ÂSlau cul) LV Cul, CAL Const Jatee (las 
Lçrh Las Quuss 


Question: An aluminum step wedge is placed on a 
tissue phantom that is 20 cm thick and a 
radiograph is made. Without a grid, analysis 
of the radiograph shows an average gradient 
(a measure of contrast) of 1.1. With a 12:1 = image contrast with grid 
grid, radiographic contrast is 2.8. What is image contrast without grid 
the contrast improvement factor of this grid? 


Contrast Improvement Factor 


Answer: 


Bucky Factor &S sall cales 


Aailall AG dlasiul ge Ai Qi pall le je Gé 8aU ji Lui Ge QE dll des jun De 
. x si 
AGE pue À qi 3 A SN and | AUS ui Ce jus De 
All Ce uns D 
Bucky Factor 


= Incident remnant x-rays 
Transmitted image-forming x-rays 
Patient dose with grid 
— Patient dose without grid 
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BUCKky Factor &S salt cales 


Approximate Bucky Factor Values for Popular Grids 


Grid BUCYFACTORAT 
Ratio 70 KVp 90 KVp 120 kVp Average 


À jh siall AGull : Jill Aeilall CAR ge sil 


imsill ill CiRuëll (je LusŸl JO Ca De 
CN Aa js del Je El De 


La saédll 4,91 Ati (ya Les yoluiel un pe 


FF iludll oïa Qui Grid Cutoff Gill bé Leu 
: «y SID sai UV 
TILL 


Grid Eutoff 


411 


SID 


Distance to cutoff = ——— 
Grid ratio 
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É 


# Le: l 
entral axis 
4 


1 44 


d 
: 
Le Distance +| 


to cutoff aa D|— 


Cutoff 


Distance to cutoff = {D) (SID) (SD) = ÊR 


À, Radiograph taken with aé:1 
parallel grid at a source-to- 
image receptor distance (SID) 
of 76 cm. 

B, Radiograph taken with 6:1 
parallel grid at an SID of 61 cm. 
Optical density decreases from 
the center to the edge of the 
image and to complete cutoff 


Question: 


Answer: 


Ajnsall a slall AS — (aies Âedla 


A 16:1 parallel grid is positioned for chest 
radiography at 180 cm SID. What is the 
distance from the central axis to complete 
grid cutoff? Will the image satisfactorily 
cover a 35- x 43-cm image receptor? 


Distance to cutoff = = =11.3cm 


Distance to edge of image receptor 
=35+2=17.5 cm 


No! Grid cutoff will occur on the lateral 6.2 cm 
(17.5-11.3) of the image receptor. 
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«oû 8 Jiesiall AuË| abs, Ailaiall AG à gà5 
3) pal (5 ju Gus Cle 

Lei vale Jii gl pi alaïi 

Gil Ge ce GS const dhabes Le 36 
Lil Ge D 6:1 Alidll AG (43 51 siall 
.12:1 & 51 sie 46 ui al 55 Le 9 LAS, Le 5 Jiaiiall 


Gala Gt Ga êole Aaladl Gui qe 
Lab Anais I quil DE aala du 


lei Ce D 
ASE JS ja ge Ant II 4e all deles OIL pe 
A jUall 3 Audl Gi g5Ÿ pnsdll (sé sil ie 7] AIS A) Se Ÿ De 
2 xl lle 4e js D 
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AG ali LAN ras > 


AVI y jai das Lei AOL ji xl El mn 5 De 
vhs À ps all Aañdll (pe La LA L SDS (58 4 Au 


Focal 


distance oi lesô jelai Y (Al 3 A8 se Alias 3 jine AG (JS jui De 


r is LÉ 
4 | essai Of Gas dh Gaga dll a leclasiul Ga Y 


pas ini cn gai etais pparañall 4 slls 


8 )gall Je AG La sel ji cye aliill Crau [2 
Aie Lili 
AS je balle 8 jidll Citll CS 
canal 231 53 4 te MT er 
pasll Jus Qi ui Msn (ll 653 53 Lea 8  guall Jai 5 
Ac luill 8 j goal (à 


Age ladll 8) pall (3 Aluall ins Gui dé 
ge læëll y gaill (à ul s GUai Gle daxini 
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ijnsall a slall AS — (aies Âedla 


Off-Level Grid :4<2äll slasiul Sie 


oil ç53 59 ÂGuill LAN lu V qu sil Ci De 
AS abi ss 

Off-Level (42591 coul 9) 4 Cu min D 
Aa jsil ge AS ll (5 she dela Y Lasie Grid 
à 3 GEI pp guaill JAS Autuil 4,3 all 

egû A5 poall AUS à LAsil QI él 535% D 
$ )gall 


Off-Center Grid :4S2ill sl1s41 JSLie 


A RE Ve AO ET 

É REE oda 

Mn 

7 a AaËN) oil à chi Qu D 5Q le 


Central 
ray 
| | de US Us el (525 
/ Ww Aasul Leletllé j pull (5 ji 
ERA LL 
Proper position Of center 
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Off-Focus Grid :4S2äll last (SL 


ASS SID Ale (ele 5 jive ÂQuë alasiul sie qu De 
AS] cuuss Lel aasall Lall (je 

all GS LS saisall dll (je Alull Cala 5) LS pe 
Jess Si 


Upside-Down Grid :4S2ill s11541 JSLie 


4 sl alasils 8 yirall All alasiul ie zin Be 
AeëŸ| cs ouf olaïts pause yull 


Qi quil y Ji AG RES sas Il sas D 
el} 8 pal 
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AK Jia cilaise 


pal (Lu yet seal pe 
As glnall 5 iasiall AiYl cas Às y: D 
ue ll 4e 35 D 
5 pal bill Aaul D 
Laj Jle Jane ei Qi Jia ques lle Ait ef 54e plain sie pe 
Àe y» 3 8 Jiniiall AmiŸl (ja ca gblaall cñall jlie Cu bus JS 8:1 Jandll clà Sul sas pe 
À slhall (323 all 
AQU RL À ie Qes all 4e js 8 9015 85 ÀS pal) AR plasiul it pe 


Percentags of tra nsmission 


ASuill Jial Chaise 


Approximate Entrance Skin Radiation Dose 
for Examination of the Adult Pelvis with a 400- 
Speed Image Receptor ; : ; | : 
Approximate Change in Radiographic Technique for 
Standard Grids 


Grid Ratio mAs Increase kVp Increase 


____ ENTRANCE DOSE (mGyd © 
i 110 kVp 


1% 0 

2 x + 8-10 
4 x + 13-15 
5 x + 20-25 
6 x + 30-40 
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